with only one element; 3) constant bandwidth and centerfrequency gain over the tuning range; 4) low sensitivity y of center frequency and Q to variations in the gains of active elements. The circuit described below meets these specifications, using low cost commercial differential video amplifiers, and is usable up to at least 10 MHz.
II. THEORY
The ideal tunable FSA pole locus is seen in Fig. 1 (a) . Boxes mark the position of the complex-conjugate FSA pole pair with respect to some tuning parameter. The real part of the pole pair remains constant as its frequency is varied from zero to infinity.
A filter realizing such a pole locus, in addition to a simple zero at the origin, possesses a constant bandwidth over an infinite tuning range.
The pole locus if Fig. 1 (b) represents an approximation of the ideal locus of Fig, 1 (a) 
The pole locus of H(s) of (4) is plotted in Fig. 1 'jh as will now be shown. To achieve departure angle compensation, we modify the assumptions of (2) and (3) by letting a < m, c < /, e < 1. This modification is equivalent to adding three lead-lag networks to the basic open-loop transfer function.
The modified pole locus is seen in Fig. 4(a) . The equivalent lead-lag net- To adjust the damping of the locus termination, we assume that g <~. This causes the zero at D to be further from the frequency axis than the pole at C. The modified pole locus is seen in Fig. 4(b All passive components used in the circuit realization were discrete. The circuit was constructed on a standard doublesided glass epoxy circuit board, with one side used as a ground plane. R, was a board-mounted cermet trimmer with small parasitic inductance and capacitance.
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IV. EXPERIMENTAL RESULTS
Figs. 7 and 8 represent the experimental results for the 180-kHz and the 90-kHz bandwidth tunable filters. The bandwidth and the relative center-frequency gain of each tunable filter is plotted versus center frequency. Deviations from the nominal may be interpreted as a failure of the experimental pole locus to exactly parallel the frequency axis in the s-plane.
The 180-kHz bandwidth tunable filter has a bandwidth spread of about *8 percent about nominal, and a centerfrequency gain spread of about A+ dB, over the tuning range of 4.7 MHz to 5.9 MHz. The 90-kHz bandwidth tunable filter has a bandwidth spread of *9 percent about nominal, with a gain spread of * 1 dB, over the same tuning range. The tuning range, about 1.2 MHz (25 percent ), may be increased by adding gain to the feedback transfer function H,(s) with U,, but at the cost of decreased bandwidth and center-frequency gain constancy over the whole tuning range. We see that meeting specifications for bandwidth and gain constancy becomes more difficult as the nominal bandwidth is reduced.
However, bandwidths of somewhat less than 90 kHz can be used here with perfect stability.
For the same FSA circuit operating at a lower frequency, where the effect of excess amplifier phase lag is reduced, higher Q loci should
be attainable with comparable limits on center-frequency gain and bandwidth variation over the tuning range.
V. CONCLUSIONS
The FSA described in this correspondence is suitable for tunable center-frequency, constant bandwidth, and constant cent er-frequency voltage gain operation over a significant tuning range above 1 MHz. The frequency of the tunable FSA is varied by only one element, a potentiometer.
Compensation for best tuning characteristics is accomplished with the selection of three fixed resistors, controlling bandwidth, pole locus departure angle, and pole locus termination damping, With the circuit described, stable tunable operation is possible over a 25 percent tuning range at 5 MHz for bandwidths of 90 kHz. Fig. 1 contains a twin-tee RC circuit which realizes required j axis transmission zeros. It is these transmission zeroes placed close to the band edge that give rise to the high rate of rolloff. The low-pass filter section of Fig, 2 
